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SYSTEM AND METHOD FOR BROADBAND DIGITAL 
BROADCASTING 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is related to commonly-assigned patent applications identified by 
Banner & Witcoff attorney docket numbers 004770.00033, 004770.00039, 
004770.00040, and 004770.00041. 

FIELD OF THE INVENTION 

This invention relates to transmission of audio data, video data, control data, or other 
information and, in particular, to a method for efficiently using information 
broadcasting resources. 

BACKGROUND OF THE INVENTION 

Video streaming, data streaming, and broadband digital broadcast programming is 
increasing in popularity in network applications. One system currently in use in 
Europe and elsewhere world-wide is Digital Video Broadcast (DVB) which provides 
capabilities for delivering data in addition to televisual content. The Advanced 
Television Systems Committee (ATSC) has also defined a digital broadband 
broadcast network. Both ATSC and DVB use a containerization technique in which 
content for transmission is placed into MPEG-2 packets serving as data containers 
which can be used to transport suitably digitized data including, but not limited to, 
High Definition television, multiple channel Standard Definition television such as 
PAL/NTSC and SECAM, and broadband multimedia data and interactive services. 
Transmitting and receiving such programming usually requires that the equipment 
utilized be powered up continuously so as to be able to send or receive all the 
streaming information. However, in the current state of the art, power consumption 
levels, especially in the front end of a digital broadcast receiver or mobile terminal, 
are relatively high and need to be reduced to improve the operating efficiency of the 
broadcasting equipment. 
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[04] What is needed is a system and method for more efficiently utilizing efficiently using 
data broadcasting resources for transmitting and receiving functions. 

SUMMARY OF THE INVENTION 

[05] 4 In a preferred embodiment, the present invention provides a system and method for 
providing streaming information in the form of a data signal to a mobile terminal 
receiver. The broadcasting system includes one or more service providers for 
providing streaming information, input buffers for storing successive portions of the 
streaming information, a digital broadcast transmitter for broadcasting the contents of 
the input buffers as transmission bursts, a digital broadcast receiver for receiving and 
storing the transmission bursts in a receiver buffer, and an application processor in the 
mobile terminal for converting the stored transmission bursts into an information data 
stream. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[06] The invention description below refers to the accompanying drawings, of which: 

[07] Fig. 1 shows a simplified diagram of a conventional streaming digital broadcasting 
system; 

[08] Fig. 2 shows a waveform of the streaming signal output by the conventional digital 
broadcasting system of Fig. 1; 

[09] Fig. 3 shows a time-slicing digital broadcasting system in accordance with one 
embodiment of the present invention; 

[10] Fig. 4 is a graph showing changes over time in the contents of a service input buffer in 
the broadcasting system of Fig. 3 in accordance with one embodiment of the present 
invention; 
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[11] Fig. 5 shows the transmission waveform of a signal output by the digital broadcast 
transmitter in the system of Fig. 3 in accordance with one embodiment of the present 
invention, the signal including information obtained from one of the information 
service providers; 

[12] Fig. 6 is a graph showing changes over time in the contents of the receiver input 
buffer in the broadcasting system of Fig. 3 in accordance with one embodiment of the 
present invention; 

[13] Fig. 7 shows the transmission waveform of a time-division multiplexed signal output 
by the digital broadcast transmitter in the system of Fig. 3 in accordance with one 
O embodiment of the present invention, the multiplexed signal including information 

gi obtained from both of the information service providers; 



45 

y [14] Fig. 8 shows an alternative preferred embodiment of a time-slicing digital 
y broadcasting system; 
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[15] Fig. 9 is a graph showing changes over time in the contents of a service input buffer in 
p the broadcasting system of Fig. 8 in accordance with one embodiment of the present 

invention; 

[16] Fig. 10 is a series of graphs showing transmission waveforms of signals output by the 
multi-protocol encapsulators in the broadcasting system of Fig. 8 in accordance with 
one embodiment of the present invention; and 

[17] Fig. 1 1 shows the transmission waveform of a time-division multiplexed signal output 
by the digital broadcast transmitter in the system of Fig. 8 in accordance with one 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[18] Fig. 1 is a simplified block diagram of a conventional streaming digital broadcasting 
system 10 in which an information signal 21 originating at an information service 
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provider 11 is transmitted to a client accessing a digital broadcast receiver 15. The 
information signal 21 is typically sent from the service provider 1 1 to a transmitter 13 
over a link, which can be an Internet link. The transmitter 13 broadcasts the 
information signal to the receiver 15 as a streaming signal 23, typically by means of a 
broadcast antenna (not shown). 

In a conventional signal transmission application, the transmitter 13 provides a 
continuous or a slowly- varying data stream having a bit rate of approximately 100 
Kbit/sec, such as shown in Fig. 2. The streaming signal 23 thus exhibits the same 
transmission rate of 100 Kbit/sec as the information signal 21 originating at the 
service provider 11. The digital broadcast receiver 15 necessarily operates in a 
constant powered-on mode in order to receive all the information provided by the 
streaming signal 23, which may also include one or more other data streams provided 
by one or more other information service providers (not shown). 

There is shown in Fig. 3 a first preferred embodiment of a time-slicing digital 
broadcasting system 30 including a transmitter system 20 and a mobile terminal 40. 
A first data signal 25 originating at a first information service provider 17 in the 
transmitter system 20 is made available over a network link (not shown) for 
downstream transmittal to a client using a digital broadcast receiver 41 in the mobile 
terminal 40. A predetermined interval of the streaming information in the data signal 
25 is initially buffered in a first service input buffer 35 as buffered data 27. The first 
service input buffer 35 may be, for example, a first-in, first-out (FIFO) buffer, an 
elastic buffer, a ring buffer, or a dual buffer having separate input and output sections. 

In a preferred embodiment, the buffered data 27 is then formatted by using, for 
example, a multi-protocol encapsulator 37 in accordance with Section 7 of European 
Standard EN 301 192 "Digital Video Broadcasting (DVB); DVB specification for data 
broadcasting/' In an alternative embodiment, the first service input buffer 35 is 
integrated with the multi-protocol encapsulator 37 to comprise a single input device 
39. Encapsulated data 29 is sent by the multi-protocol encapsulator 37 to a digital 
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broadcast transmitter 31 for broadcast to the digital broadcast receiver 41 as a time- 
slicing signal 51 described in greater detail below. 

[22] The amount of information retained in the first service input buffer 35 as a function of 
time can be represented by a sawtooth waveform 71 shown in the graph of Fig. 4. As 
the first service provider 17 supplies the data signal 25, the data information present 
in the first service input buffer 35 increases to a buffer maximum level, here denoted 
by a first local maximum value 73. The first local maximum value 73 is a function of 
the amount of memory designated in the first service input buffer 35 for storing the 
first information signal. 

[23] The size of the first service input buffer 35 is generally specified to be large enough to 
store the data received from an information stream in the time interval between 
successive waveform maxima (e.g., data received in the time interval between the first 
local maximum value 73 and a second local maximum value 75). The buffered data 
27 stored in the first service input buffer 35 is periodically sent via the multi-protocol 
encapsulator 37 to the digital broadcast transmitter 31. Because the contents of the 
first service input buffer 35 is thus periodically transferred, subsequent incoming data 
will not cause the specified memory capacity to be exceeded. When the buffered data 
27 is sent to the digital broadcast transmitter 31, the quantity of buffered information 
remaining in the first service input buffer 35 drops to a local minimum value 74, 
which can be zero. 

[24] The first service input buffer 35 may include an C AF' flag which can be set when an 
"almost full" byte count 79 is reached to indicate when the first service input buffer 
35 is about to exceed the designated memory capacity. Preferably, the process of 
outputting the buffered data 27 begins when the AF flag is set. This serves to provide 
storage capacity for a subsequent interval of the streaming information sent by the 
service provider 17 (here represented by the next part of the waveform 71). When the 
next streaming data information interval has been inputted, the buffered information 
in the first service input buffer 35 reaches a second local maximum value 75 which is 
subsequently outputted when the AF flag is set, resulting in a second local minimum 

-5 - 78194 3 



NC 28574,28575, 28576 
BW 004770.00033 

value 76. The process is repeated, yielding a third local maximum value 77 and a 
third local minimum value 78. 

[25] Each subsequent portion of the streaming data buffered in the first service input buffer 
35 is thus successively outputted to the digital broadcast transmitter 31 for 
transmission to the digital broadcast receiver 41. This action produces the time- 
slicing signal 51, a portion of which is shown in Fig. 5. The time-slicing signal 51 
comprises a continuous series of transmission bursts, exemplified by transmission 
bursts 53, 55, and 57. In the example provided, the transmission burst 53 corresponds 
to the buffered information transfer represented by the transition of the waveform 71 
from the local maximum value 73 to the local minimum value 74. Likewise, the next 
transmission burst 55 corresponds to the buffered information transfer represented by 
the transition of the waveform 71 from the local maximum value 75 to the local 
minimum value 76, and the transmission burst 57 corresponds to the buffered 
information transfer represented by the transition from the local maximum value 77 to 
the local minimum value 78. 

[26] In a preferred embodiment, each of the transmission bursts 53, 55, and 57 is a 
4-Mbit/sec pulse approximately one second in duration to provide a transfer of four 
Mbits of buffered information per transmission burst. The transmission bursts 53, 55, 
and 57 are spaced at approximately 40-second intervals such that the time-slicing 
signal 51 effectively broadcasts at an average signal information transmittal rate of 
100 Kbits per second (i.e., the same as the transmittal rate of the incoming streaming 
signal 23). The 40-second signal segment stored in the input buffer 35 comprises the 
signal information to be broadcast to the digital broadcast receiver 41 as any one of 
the transmission bursts 53, 55, and 57, for example. 

[27] In Fig. 3, the digital broadcast receiver 41 sends the time-slicing signal 51 to a stream 
filter 43 to strip the encapsulation from the information signal which had been added 
by the multi-protocol encapsulator 37. The encapsulation may conform to Internet 
Protocol (IP) standards, for example. In a preferred embodiment, Boolean protocol 
filtering is used to minimize the amount of logic needed for filtering operations 
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performed by the stream filter 43 , and thus optimize the capacity of the digital 
broadcast receiver 41. 

Filtered data is then sent to a receiver input buffer 45. The receiver input buffer 45 
functions to temporarily store filtered data, which may comprise any one of the 
transmission bursts 53, 55, and 57, before being sent downstream to an application 
processor 47 for conversion into an information data stream 49. This process can be 
illustrated with reference to the graph of Fig. 6 in which sawtooth waveform 81 
diagrammatically represents as a function of time the quantity of filtered data stored 
in the receiver input buffer 45. Preferably, the size of the receiver input buffer 45 in 
the mobile terminal 40 is substantially the same as the size of the first service input 
buffer 35 in the transmitter system 20. 

In an alternative preferred embodiment, the receiver input buffer 45 adapts to the 
configuration of the service input buffer 35, wherein the portion of the service input 
buffer 35 designated for storage of the incoming data stream may vary according to 
the characteristics of the streaming information selected from a particular information 
service provider. That is, the selected information service provider may be supplying 
a data stream that can be stored using only a part of the storage resources available in 
the service input buffer 35 (i.e. a 'usage factor 5 of less than unity). In one alternative 
embodiment, this usage factor information is provided to the mobile terminal 40 as 
part of the time-slicing signal 51 to allow the receiver input buffer 45 to anticipate and 
adapt to the smaller quantity of transmitted data to be provided in a transmittal. In 
another alternative embodiment, the usage factor information is not provided to the 
mobile terminal 40 as part of the time-slicing signal 51. Rather, the mobile terminal 
40 continues to receive data from the transmitter system 20 and, over a period of time, 
derives the usage factor by determining the portion of storage resources needed in the 
receiver input buffer 45 for the data being provided by the selected service provider. 

When turning on the digital broadcast receiver 41 for the purpose of initially receiving 
a service which has a small bit rate, the digital broadcast receiver 41 will experience a 
relatively long period between subsequent bursts. Because the actual bit rate is not 
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initially known, the digital broadcast receiver 41 may remain powered up for a period 
of time beyond that required for receipt of the initial small-bit-rate service signal 
burst. The consumer may then need to wait for the requested service to 'start up. 5 
However, when a smaller quantity of data is designated for storage in the receiver 
input buffer 45 (i.e., when the usage factor is less than unity), the digital broadcast 
receiver 41 can receive the first burst earlier, that is with a minimum of delay, and 
service start-up time can be reduced accordingly by utilizing the usage factor 
information. 

[31] When the transmission burst 53 has been received in the receiver input buffer 45, the 
waveform 81 reaches a first local maximum 83. The byte count stored in the receiver 
input buffer 45 then decreases from the first local maximum 83 to a first local 
minimum 84 as corresponding data is transferred from the receiver input buffer 45 to 
the application processor 47. Preferably, the rate at which the contents of the receiver 
input buffer 45 is transferred to the application processor 47 is at least as great as the 
rate at which data information is placed into the first service input buffer 35. This 
serves to insure that the receiver input buffer 45 is available to store the next 
transmission burst 55. When the next transmission burst 55 is received at the receiver 
input buffer 45, the waveform 81 increases to a second local maximum 85 which 
decreases to a second local minimum 86 as the received information interval is 
transferred from the receiver input buffer 45 to the application processor 47 for 
conversion to a data packet. 

[32] The process continues with the next transmission burst 57 producing a third local 
maximum 87 which decreases to a third local minimum 88. Preferably, the receiver 
input buffer 45 includes an 'AE' flag to indicate when an "almost empty" byte count 
82 has been reached and an AF flag to indicate when an "almost full" byte count 89 
has been reached. As explained in greater detail below, the AE and AF flags can be 
advantageously utilized to synchronize the powering up and the powering down 
respectively of the digital broadcast receiver 41 to correspond with the timing of 
incoming transmission bursts, such as the transmission bursts 53, 55, and 57. 
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The application processor 47 functions to continuously input buffer data from the 
receiver input buffer 45 and to continuously reformat the buffered data into the 
information data stream 49. As can be appreciated by one skilled in the relevant art, 
while the digital broadcast transmitter 31 remains powered-up in a transmission mode 
during each transmission burst 53, 55, and 57, the digital broadcast transmitter 31 can 
be advantageously powered down in the 'idle 5 time intervals between the transmission 
bursts 53 and 55, and between the transmission bursts 55 and 57 to reduce operational 
power requirements. Powering down can be accomplished, for example, by a 
controlled switch as is well-known in the relevant art. 

In particular, the digital broadcast transmitter 31 can be powered down after 
termination point 61 of transmission burst 53 (shown at t = 1 sec), and can remain 
powered-down until just before initiation point 63 of transmission burst 55 (shown at t 
= 40 sec). Similarly, the digital broadcast transmitter 31 can power down after 
termination point 65 of transmission burst 55 (shown at t = 41 sec), and can remain 
powered-down until just before initiation point 67 of transmission burst 57 (shown at t 
= 80 sec). At the completion of the transmission burst 57, indicated as termination 
point 69 (shown at t = 81 sec), the digital broadcast transmitter 31 can again be 
powered down if desired. 

In an alternative preferred embodiment, the time-slicing digital broadcasting system 
30 includes one or more additional service providers, exemplified by a second service 
provider 18, shown in Fig. 3. The second service provider 18 sends a second data 
signal 26 to the digital broadcast transmitter 31 over a network link (not shown). The 
second data signal 26 received from the second service provider 18 is placed into a 
second service input buffer 36 and encapsulated using, for example, a multi-protocol 
encapsulator 38, as described above. A multiplexer 33 processes the encapsulated 
signals 29 from the first service input buffer 35 with encapsulated signals 19 from the 
second service input buffer 36 into a time-division multiplexed (TDM) signal 91, 
described in greater detail below, for broadcast to the digital broadcast receiver 41. 
As used herein, broadcasting may include multicasting or unicasting. 
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It should be understood that if only one service provider is sending information to the 
digital broadcast transmitter 31, the first service provider 17 for example, the 
multiplexer 33 is not required for operation of the time-slicing digital broadcasting 
system 30. Accordingly, in the first preferred embodiment, above, the signal in the 
first service input buffer 35 can be provided directly to the digital broadcast 
transmitter 31 via the multi-protocol encapsulator 37. 

For the alternative preferred embodiment shown in Fig. 3, in which two service 
providers are supplying information signals, the TDM signal 91, shown in Fig. 7, 
comprises a continuous series of transmission bursts, including transmission bursts 
53, 55, and 57 resulting from information signals provided by the first service input 
buffer 35, interlaced with transmission bursts 93, 95, and 97 resulting from 
information signals provided by the second service input buffer 36. In the example 
provided, each of the transmission bursts 93, 95, and 97 occurs approximately ten 
seconds after a corresponding transmission burst 53, 55, or 57. As can be appreciated 
by one skilled in the relevant art, the disclosed method is not limited to this ten- 
second spacing and other transmission intervals can be used as desired. In particular, 
the transmission interval between the transmission bursts 93, 95, and 97 can be 
greater or less than ten seconds. Moreover, if additional service providers are 
included in the time-slicing digital broadcasting system 30, one or more sets of 
interlaced transmission bursts (not shown) will be included in the TDM signal 91 . 

In a preferred embodiment, the powered-up receive mode of the digital broadcast 
receiver 41, in Fig. 3, is synchronized with a transmission window during which 
period the digital broadcast transmitter 31 is transmitting. Thus, for receipt of the 
time-slicing signal 51, for example, the digital broadcast receiver 41 remains 
powered-up in a receive mode during each incoming transmission burst 53, 55, and 57 
and can be powered down in the time intervals between the transmission bursts 53 and 
55, and between the transmission bursts 55 and 57. In an alternative embodiment, the 
stream filter 43 is also synchronized to maintain a powered-up mode with the 
transmission window. 
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[39] In way of example, such synchronization can be achieved by using burst sizes of 
either fixed or programmable size, and by using the AE flag and "almost empty" byte 
count 82, above, as a criterion to power up the digital broadcast receiver 41 and 
prepare to receive the next transmission burst after fixed or slowly-varying time 
intervals. That is, the digital broadcast receiver 41 acquires information intermittently 
broadcast as described above. The client may also configure the digital broadcast 
receiver 41 to take into account any transmission delays resulting from, for example, a 
bit rate adaptation time, a receiver switch-on time, a receiver acquisition time, and/or 
a bit-rate variation time interval A typical value for the adaptation time may be about 
10 j^sec, and for the switch-on times or acquisition times a typical value may be about 
200 msec. The digital broadcast receiver 41 is thus configured to power-up 
sufficiently in advance of an incoming burst to accommodate the applicable delay 
factors. Similarly, the AF flag and the "almost full" byte count 89, above, can be used 
as a criterion to power-up the digital broadcast receiver 41 . 

[40] In yet another alternative preferred embodiment, a TDM digital broadcasting system 
100 includes a transmitter system 130 and the mobile terminal 40, shown in Fig. 8. 
the digital broadcasting system 100 further includes a plurality of service providers 
101-107 sending respective information streams to corresponding service input 
buffers 111-117. The outputs of each of the service input buffers 111-117 are 
formatted by means of a plurality of multi-protocol encapsulators 109 as described 
above. The encapsulated data 121-127 output from the respective multi-protocol 
encapsulators 109 are provided to a network operator input buffer 131 as shown. The 
size of the data stored in any of the service input buffers 1 1 1-1 17 is a function of time, 
as represented by sawtooth waveform 121 in Fig. 9. 

[41] The network operator input buffer 131 stores a predetermined amount of buffered data 

from each of the service input buffers 111-117. The data is provided to a multiplexer 

133 and sent to a digital broadcast transmitter 135 for broadcast as a TDM signal 137. 

The network operator input buffer 131 functions to receive and store multiple inputs 

from each of the service input buffers 111-117 before outputting to the multiplexer 

133. For example, Fig. 10 illustrates the data input to the network operator input 
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buffer 131 where the encapsulated data 121 is received from the service input buffer 
111, the encapsulated data 123 is received from the service input buffer 113, the 
encapsulated data 125 is received from the service input buffer 115, and the 
encapsulated data 127 is received from the service input buffer 117. It should be 
understood that while the encapsulated data 121-127 waveforms are shown as being 
spaced at regular intervals for clarity of illustration, the invention is not limited to this 
transmission mode. Accordingly, other various transmission intervals can be used 
and the transmission rates of the encapsulated data 121-127 waveforms can be 
dissimilar from one another. 

[42] One example of a TDM signal 137 broadcast by the digital broadcast transmitter 135 
is shown in Fig. 1 1 where the information stream provided by the service provider 
101 appears as transmission bursts 141, 143, and 145 (here shown with solid fill for 
clarity). In an embodiment having a multiplexer bandwidth of approximately 12 
Mbit/sec, the transmission bursts 141, 143, and 145 can be configured as 12-Mbit/sec 
bursts of approximately one-second duration. The transmission burst 141, for 
example, may comprises three 4-Mbit/sec transmission bursts provided to the network 
operator input buffer 131 by the service input buffer 111. A subsequent 12-Mbit/sec 
transmission burst 151 may comprise three 4-Mbit/sec transmission bursts provided to 
the network operator input buffer 131 by the service input buffer 113. In an 
alternative embodiment, the transmission burst 141, for example, can have a duration 
of greater or less than one second, and can comprise more or less than three incoming 
transmission bursts. If additional bandwidth is required because additional service 
providers are included, or if the amount of data being transmitted by the service 
providers 101-107 increases substantially, additional transmission channels (not 
shown) can be provided for use in the TDM digital broadcasting system 100. 

[43] In a preferred embodiment, the transmission bursts originating with a particular 

service provider may comprise a unique data stream. For example, the transmission 

bursts 141, 143, and 145 may comprise a first data stream, originating at the service 

provider 101, where the data stream has a burst-on time of about 333 msec and a 

burst-off time of about 39.667 sec. The first data stream comprises subsequent 
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transmission bursts occurring precisely every forty seconds (not shown), each 
transmission burst including information originating at the service provider 101. 
Similarly, the transmission burst 151 comprises a second data stream along with 
transmission bursts 153, 155, and subsequent transmission bursts (not shown) 
occurring every forty seconds, where the second data stream includes information 
originating at the service provider 103. In one alternative embodiment, the digital 
broadcast receiver 41 is synchronized to selectively receive only the first data stream, 
for example. Accordingly, in this embodiment the digital broadcast receiver 41 is 
powered-up for at least 333 msec every forty seconds to receive the transmission 
bursts 141, 143, 145, and subsequent first-data-stream transmission bursts, and 
powered down in the interval time periods. 

While the invention has been described with reference to particular embodiments, it 
will be understood that the present invention is by no means limited to the particular 
constructions and methods herein disclosed and/or shown in the drawings, but also 
comprises any modifications or equivalents within the scope of the claims. 
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